Introduction {#sec0005}
============

Changes in therapeutic methods for clavicle fractures have led to epidemiological studies conducted more frequently.[@bib0005], [@bib0010], [@bib0015] Classically, conservative treatment was used with excellent results. However, some fracture patterns have been shown to be problematic with conservative treatment, independent of the management used. Thus, new studies have emerged, outlining the epidemiological profile and management of clavicle fractures.[@bib0020]

Clavicular fractures account for approximately 5% of all patients with fractures admitted to emergency services.[@bib0025] Male children and adolescents up to the age of 20 years are the group most likely to suffer this type of fracture, and its incidence decreases with increasing age. Among female patients, the incidence is greatest during the adolescent years and diminishes in subsequent decades, but then increases again in old age.[@bib0030], [@bib0035]

In an epidemiological study conducted in Sweden, on 535 fractures of the clavicle alone, greater frequency was observed on the left side (60.7%) than on the right side (49.3%) and this difference was statistically significant. It is known that different bone densities may cause fractures.[@bib0040], [@bib0045], [@bib0050], [@bib0055] Pycnodysostosis is a syndrome characterized by bone fragility and fracturing due to diffusely increased bone density. Osteoporosis, on the other hand, is a disorder characterized by diminished bone mass and increased risk of fractures.[@bib0060], [@bib0065]

This study has the aims of evaluating clavicular bone mineral density between the dominant and non-dominant sides and evaluating bone mineral mass in the middle and lateral thirds of the clavicle, so as to ascertain whether different bone mineral densities could explain certain epidemiological characteristics of fractures of the clavicles.

Materials and methods {#sec0010}
=====================

This was a cross-sectional study conducted in the imaging department of our hospital between May and June 2007 and between January and May 2012. Densitometric examinations were performed on both clavicles in a sample of 52 patients, comprising 24 males (eight left-handed and 16 right-handed) and 28 females (14 left-handed and 14 right-handed). The examinations were performed using bone densitometry apparatus and were analyzed by means of the Dual Femur software, adapted for the clavicle.

All university students aged between 20 and 30 years who were in a healthy condition were eligible for inclusion in the study. Professional athletes, individuals with previous clavicular fractures (whether congenital or not), individuals with osteometabolic diseases, cases of brachial plexus injury, ambidextrous individuals and cases of any orthopedic disorder that affects the shoulder were excluded.

The individuals analyzed were chosen by means of a questionnaire (Annex 1), which was applied before the densitometric examination on the clavicle, in order to assess whether potential subjects met the inclusion and exclusion criteria. All participants agreed with the free and informed consent statement. Following this, the population underwent bone densitometry examinations on the middle and distal thirds of both clavicles. One copy of the bone densitometry examination results was given to the research subject and another was stored for subsequent studies. This had been laid out in the consent statement.

In this study, the nonparametric Wilcoxon test was used, with a significance level of 5%. To view the results obtained, boxplot graphs were used.

This study was approved by our institution\'s Research Ethics Committee, under protocol number 2006-064H.

Results {#sec0015}
=======

Among the 52 patients who underwent the densitometry examination on the clavicle, 24 (46.2%) were male and 28 (53.8%) were female. In relation to the dominant side, 30 were right-handed (57.7%) and 22 were left-handed (42.3%) ([Table 1](#tbl0005){ref-type="table"}). The patients analyzed were between 20 and 30 years of age (mean age of 25 years).

Among these 52 university students who underwent the examination, the bone mineral density of the clavicle was greater on the non-dominant side, i.e. among the right-handed individuals, the bone mineral density was greater in the left clavicle than in the right clavicle; while in the left-handed individuals, the density was greater in the right clavicle than in the left clavicle. This difference between the dominant and non-dominant sides was statistically significant (*p* \< 0.001), with greater density on the non-dominant side ([Table 2](#tbl0010){ref-type="table"}).

Among the men, there was a statistically significant difference between the dominant and non-dominant sides both in the middle third (*p* = 0.028) and in the distal third (*p* = 0.010) of the clavicle, with greater density on the non-dominant side ([Table 2](#tbl0010){ref-type="table"}). There was also a statistically significant difference between the middle and distal thirds, both on the dominant side (*p* = 0.003) and on the non-dominant side (*p* = 0.002). The middle third presented higher values in both clavicles ([Fig. 1](#fig0005){ref-type="fig"}, [Fig. 2](#fig0010){ref-type="fig"}).

In the women, the dominant side had greater density, but there was no statistically significant difference between the dominant and non-dominant sides. There was only a difference between the middle thirds (*p* = 0.001) and between the distal thirds (*p* = 0.006). The middle thirds presented higher values ([Table 2](#tbl0010){ref-type="table"} and [Fig. 1](#fig0005){ref-type="fig"}, [Fig. 2](#fig0010){ref-type="fig"}).

In general, we can affirm that the clavicle on the non-dominant side presented significantly greater values than shown by the clavicle on the dominant side, in the distal third (*p* = 0.020) and that the middle third presented significantly greater values than the distal third in both clavicles (*p* \< 0.001).

Discussion {#sec0020}
==========

It has already been well established that there is a strong relationship between bone mineral density and the dominant side. Bone mass varies according to use. Bone is deposited proportionally to the compressive load that it has to bear, and this is why athletes have greater bone mass than people who do not practice exercise. The latter tend to lose bone mass.[@bib0070], [@bib0075], [@bib0080]

The present study found significant data from a sample of 52 individuals who underwent examination. Since the study group was homogenous, the results found would not change with a larger or smaller sample than in the present study. This was proven when we added new cases to the study, given that the first sample was obtained in 2007 and the second, in 2012.

In a prospective study involving 213 patients, densitometry was performed on the radius and ulna of both forearms. It was observed that the dominant forearm had greater bone mass and also greater bone area. One possible explanation for the greater bone mass in the dominant limb was its greater use. The differences in the ulna were statistically significant.[@bib0085]

Gumustekin et al.[@bib0070] conducted a cross-sectional study, similar to ours, with 32 right-handed and 26 left-handed individuals. All of them were university students. Bone densitometry was performed on the femur bilaterally in the neck, trochanteric and intertrochanteric regions and in Ward\'s triangle. They found bone mass indices in the right-handed individuals that were greater on the left side, and in the left-handed individuals on the right side, which indicated that the bone density of the femur was not related to the dominant side.

Our findings were similar to those of Gumustekin et al.,[@bib0070] i.e. the bone mineral density of the clavicle was greater on the non-dominant than on the dominant side. The clavicle on the dominant side presented lower bone mineral mass than shown by the clavicle on the non-dominant side. This difference was statistically significant.

Fractures of the clavicle are statistically more frequent on the left side and occur most often in the middle third of the left clavicle (81%), followed by the lateral third (17%) and medial third (2%).[@bib0060]

It could be seen that greater bone density on the non-dominant side could lead to greater bone fragility through loss of flexibility,[@bib0090], [@bib0095], [@bib0100] since fractures of the clavicle occur most frequently in the middle third, precisely where the bone density is greatest, both in the dominant and in the non-dominant clavicle.

Conclusion {#sec0025}
==========

The clavicle on the non-dominant side is denser than the clavicle on the dominant side. Likewise, the middle third of the clavicles, both on the dominant and on the non-dominant side, is denser than the distal third. Thus, the occurrences of clavicular fractures more on the left side, as found in the present study, could be due to greater bone mineral density on the non-dominant side, which would diminish bone flexibility and, hypothetically, increase the propensity to fractures.
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###### 

Characterization of the sample.

  Characteristics          *n* = 52
  ------------------------ -----------
  *Sex -- n* (*%*)         
   Male                    24 (46.2)
   Female                  28 (53.8)
                           
  *Dominance -- n* (*%*)   
   Right-handed            30 (57.7)
   Left-handed             22 (42.3)

###### 

Evaluation of bone mineral density according to the dominant side.

  Bone mineral density                       Dominant median (p25--p75)   Non-dominant median (p25--p75)   *p*[a](#tblfn0005){ref-type="table-fn"}
  ------------------------------------------ ---------------------------- -------------------------------- -----------------------------------------
  *Men* (*n* *=* *24*)                                                                                     
   Middle                                    1.01 (0.80--1.10)            1.14 (1.02--1.54)                0.028
   Distal                                    0.40 (0.17--0.65)            0.71 (0.51--1.06)                0.010
   *p*[a](#tblfn0005){ref-type="table-fn"}   0.003                        0.002                            
                                                                                                           
  *Women* (*n* *=* *28*)                                                                                   
   Middle                                    0.99 (0.73--1.11)            1.01 (0.78--1.15)                1.000
   Distal                                    0.56 (0.17--0.69)            0.59 (0.42--0.73)                0.530
   *p*[a](#tblfn0005){ref-type="table-fn"}   0.001                        0.006                            
                                                                                                           
  *Total* (*n* *=* *52*)                                                                                   
   Middle                                    1.01 (0.79--1.09)            1.07 (0.93--1.24)                0.134
   Distal                                    0.49 (0.17--0.69)            0.64 (0.45--0.92)                0.020
   *p*[a](#tblfn0005){ref-type="table-fn"}   \<0.001                      \<0.001                          

Value obtained through Wilcoxon test.
